The effect of mineral (NPK) fertilization on the content of nitrogen fractions in timothy grass was assessed from the results of a three-year field experiment conducted at the Elizówka Experimental Farm near Lublin, on podzolic soil developed from loess. The experiment was included 27 fertilized treatments, i.e. nine nitrogen and potassium variants tested, each in four replications. against the background of three increasing phosphorus fertilization doses. Nitrogen was applied as ammonium nitrate at a dose of 120 kg N ha -1 (N1) and at two-fold (N2) and three -fold (N3) higher doses. Phosphorus was applied in the form of granular triple superphosphate at a dose of 34.9 kg P ha -1 (P1) and at two-fold (P2) and three-fold (P3) higher doses. Potassium was used as potassium salt (47.3 %) at a dose of 83 kg K ha -1 (K1) and at two-fold (K2) and three-fold (K3) higher doses. After grass harvest, plant material was sampled and the content of total, protein, ammonium and nitrate nitrogen(V) was determined in duplicate. It was found that the content of the nitrogen fractions analysed in timothy grass, i.e. total, protein, mineral, ammonium and nitrate(V) nitrogen, was significantly positively correlated with the mineral fertilization, in particular, with nitrogen and phosphorus and, to a lesser extent, with potassium. The mean share of protein nitrogen in total nitrogen was 53.8%; mineral, ammonium, and nitrate nitrogen fractions constituted 4.0, 2.5, and 1.5%, respectively. Timothy grass fertilized with increasing doses of nitrogen, phosphorus, and potassium fertilizers contained the largest share of protein nitrogen in total nitrogen, did not contain excessive amounts of nitrates(V) and proved to be valuable bulk feed.
iNtrodUctioN
Mineral fertilization exerts a strong effect on the yield and quality of crop plants. Among essential nutrients (N, P, K), nitrogen fertilization plays the key role. It has an impact on the biomass growth and plant chemical composition (StuczyńSki 1969 , koter, krauze 1978 , GąSior, kaniuczak 1996 , HavStad, aamlid 2006 , Bednarek 2011 , aSHikaGa et al. 2012 . It also increases the content of this element in tissues and has an effect on its fractional composition (koter, krauze 1978 , czuBa 1996 , Bednarek 2005 , Pelletier et al. 2007 , Bednarek, reSzka 2009 . Higher N doses typically lead to increased levels of total nitrogen and reduced amounts of protein nitrogen; additionally, there is a rise in the levels of mineral nitrogen, including nitrate nitrogen(V) (neSić et al. 2008) . The chemical composition of plants depends on agrotechnical practice (fertilization) and natural factors (soil, climate) ). The content of nitrates in plants, particularly in forage crops, has an immediate effect on their quality (tremBlay et al. 2005 , HavStad, aamlid 2006 , Pelletier et al. 2007 , aSHikaGa et al. 2012 . In some animal organisms, deleterious effects are exerted by nitrates(V) as well as their derivatives, i.e. nitrates(III). Some authors argue that if forage is the only source of food, the content of nitrates(V) contained therein should not exceed 0.7 -1.5 g N-NO 3 kg -1 d.w. Others claim that forage containing less than 3.5 -4.5 g N-NO 3 kg -1 d.w. can be given to animals without harm, whereas forage with a content of 4.5 -5.5 g N-NO 3 kg -1 d.w. sometimes causes poisoning, and animals should not be fed with forage containing > 6.5 g N-NO 3 kg -1 d.w. (czuBa 1996 , tremBlay et al. 2005 . A major role in nitrogen uptake and metabolism in plants is played by an optimal supply of other nutrients, including phosphorus, potassium and magnesium (koter 1968 , menGel et al. 1976 , lee, rudGe 1986 , czuBa 1996 .
The aim of the study was to determine the effect of mineral (NPK) fertilization on the content of nitrogen fractions in timothy grass cultivated on podzolic soil developed from loess. Particularly, we tested the following hypothesis: the role of varied fertilization mineral doses of three major nutrients (N, P, K) on accumulation of total nitrogen, protein nitrogen, N-NO 3 , and N-NH 4 in timothy grass.
materiaL aNd methods
The present study is based on results of a three-year field experiment conducted at the Elizówka Experimental Farm near Lublin (2003 Lublin ( -2005 and established on podzolic soil developed from loess. Before the experiment, the soil contained 77.2 mg P kg -1 , 187.0 mg K kg -1 , 44.0 mg Mg kg -1 , and 1.18% of humus, and the pH KCl was 4.9. The experiment was comrpised 27 fertilized treatments, namely nine nitrogen-potassium combinations were tested against the background of three increasing phosphorus fertilization doses, each in four replications. The plot area was 50 m 2 , of which 36 m 2 were harvested. Nitrogen was applied as ammonium nitrate (34% N) at a dose of 120 kg N ha -1 (N 1 ) and at two-fold (N 2 ) and three-fold (N 3 ) higher doses. Phosphorus was applied in the form of granular triple superphosphate (20.1% P) at a dose of 34.9 kg P ha -1 (P 1 ) and at two-fold (P 2 ) and three-fold (P 3 ) higher doses. Potassium was used as potassium salt (47.3 %) at a dose of 83 kg K ha -1 (K 1 ) and at two-fold (K 2 ) and three-fold (K 3 ) higher doses. The entire dose of phosphorus and half of the potassium dose were introduced into soil before sowing timothy grass var. Skrzeszowicka. In the second and third year, the fertilizers were applied after harvesting the third swath; the second dose of potassium was applied each year after the first swath. Nitrogen was added in three equal parts in early spring (immediately after the plant growth started) and after the first and second swath. Timothy grass mowed in the first swath was harvested in the third decade of May or the first decade of June; the second harvest took place in the third decade of July and the third grass harvesting was done in the third decade of September or the first decade of October. After harvest, plant material (from three swaths and three years) was sampled and the following parameters were determined in duplicate: total nitrogen with the Kjeldahl method; protein nitrogen using the Kjeldahl method with trichloroacetic acid after water extraction and protein precipitation; ammonium nitrogen using the Nessler reagent method; and nitrate nitrogen(V) with the phenoldisulphide acid method and mineral nitrogen (N-NH 4 +N-NO 3 ). The content of nitrogen fractions determined in timothy grass was estimated using the triple test cross analysis of variance with the Tukey's confidence semi-interval (p < 0.05).
resULts aNd discUssioN
Depending on the mineral fertilization applied, the content of total nitrogen in dry weight of timothy grass ranged from 19.1 to 28.1 g N kg -1 (Table 1 ). The biggest and significant impact on levels of this nitrogen form was exerted by fertilization with the increasing doses of this nutrient. Its mean content was 19.8 at a single nitrogen dose (N 1 ), 24.6 at a double dose (N 2 ), and 27.5 g N kg -1 d.w. at a triple dose (N 3 ). In comparison with the single dose, the double dose of ammonium nitrate increased the N content by 24.2%, and the three-fold higher nitrogen dose resulted in a 38.9% increase in the N content. The mean content of nitrogen was 23.4 at the single dose (P 1 ), 24.0 at the double dose (P 2 ), and 24.5 g N kg -1 d.w. at the triple dose (P 3 ) of phosphorus. The application of two-fold and three-fold higher doses of granular triple superphosphate increased the content of this nitrogen form by 2.6 % and 4.7%, respectively, in comparison with the single dose. Under the effect of the increasing potassium doses, the total nitrogen content in timothy grass did not exhibit vector trends and reached 23.8 at a single potassium dose (K 1 ), 24.2 at a double potassium dose (K 2 ), and 23.8 g N kg -1 d.w. at a triple potassium dose (K 3 ). In comparison to the single dose, the relative increase in the content of this form of nitrogen at the double dose was just about 1.7%. A similar effect of mineral fertilization, in particular with nitrogen, was reported by Gawęcki and mikołajczak (1978), duBiel et al. (1991) and czuBa (1996) . Bednarek (2005) found that among the three experimental factors (N, P, K), nitrogen and phosphorus fertilization had a significant effect on the content of this nitrogen form, which was over two-fold lower in roots of Dactylis glomerata than in sward.
Depending on the form and dose of mineral fertilization, the content of protein nitrogen in timothy grass ranged from 10.7 ( Table 2 . The application of single, double and triple N doses yielded 11.3, 12.9, and 14.4 g N kg -1 d.w. of this nitrogen fraction, respectively. The double nitrogen dose (relative to the single one) increased the content of protein nitrogen on average by ca 14.2%, while the triple dose increased this parameter by 27.4%. The increase was statistically significant. Table 1 Total nitrogen content in timothy grass (g N kg -1 d.w.) Table 2 Protein nitrogen content in timothy grass (g N kg -1 d.w.) Phosphorus fertilization did not induce distinct changes in the content of this nitrogen fraction. After the application of a single dose of this nutrient, the mean content of protein nitrogen in the plant was 12.9 g N kg -1 d.w. The double and triple doses resulted in the protein nitrogen content of 13.0 and 12.7 g N kg -1 d.w., respectively. The double phosphorus dose raised the content of this fraction just 0.78% compared to the single dose. Potassium fertilization did not result in considerable, directional changes in the protein nitrogen content. Plants fertilized with the single dose of the element contained 13.0 g N kg -1 d.w., whereas those receiving the double and triple doses had 12.8 and 12.9 g N kg -1 d.w., respectively. The protein nitrogen content in timothy grass was not significantly correlated with the increasing phosphorus and potassium doses, possibly indicating a high content of the available forms of these compounds in the soil. krzywy et al. (1996) reported a steady increase ranging from 17.8 (N 0 ) to 18.7 g N kg -1 d.w. (N 3 ) in the protein nitrogen content induced by this nutrient (N) in meadow sward. Similar patterns were found by StuczyńSki et al. (1970 , 1971 ), StuczyńSka (1973 ), and wiater (1996 . krzywy et al. (1996) reported that increasing doses of nitrogen caused a relatively steady increase in the content of protein nitrogen in grass, and potassium fertilization induced insignificant differences in that content. Bednarek (2005) found that the content of this nitrogen fraction was associated with nitrogen and phosphorus fertilization and was 66% higher in sward than in roots. wiater (1996) reported a beneficial effect of fertilization with 240 kg N ha -1 on the share of non-protein and protein nitrogen in pasture sward, and an increase of a dose up to 360 kg N ha -1 more substantially elevated the level of non-protein rather than protein nitrogen. This corresponded with the results of koter (1973), koter and krawczyk (1981). GąSior and kaniuczak (1996) noted that the mean content of protein nitrogen in the first-swath hay was about 0.5% higher than that in hay harvested from the second regrowth. This was also reported by StuczyńSki (1969) .
The content of ammonium nitrogen in timothy grass depended on the form and dose of mineral fertilization and ranged from 0.42 to 0.83 g N kg -1 d.w. (Table 3 ). The nitrogen fertilization resulted in a significant increase in the Table 3 Ammonium nitrogen content in timothy grass (g N kg -1 d.w.) Bednarek (2005) reported that only nitrogen fertilization had a significant effect on the content of this N fraction in sward, which in aerial parts of Dactylis glomerata was 27% higher than in roots. Similar regularities were noted by StuczyńSki (1969) and GąSior and kaniuczak (1996) , who reported a slightly higher content of this nitrogen form in hay from swath II than from swath I. czuBa (1996) found that plants are considerably less tolerant to a high content of NH 4 + rather than to NO 3 -ions, as toxicity symptoms appear in response to as littile as 0.2-0.4 g N-NH 4 kg -1 d.w. Potassium deficiency in plants fertilized intensively with nitrogen resulted in excessive accumulation of toxic amounts of amines and ammonium ions in tissues, which induced damage to aerial parts of plants, including plant death (czuBa 1996) .
The content of nitrate nitrogen(V) in timothy grass ranged from 0.15 to 0.83 g N kg -1 d.w., depending on a dose and form of mineral fertilization (Table 4) . Application of single, double, and triple ammonium nitrate doses yielded a content of 0.22, 0.29, and 0.56 g N kg -1 d.w., respectively. Compared with the single dose, the relative increase in this nitrogen form produced by the double and triple NH 4 NO 3 doses reached 31.8 and as much Table 4 Nitrate nitrogen(V) content in timothy grass (g N kg -1 d.w.) Bednarek (2005) reported that nitrogen fertilization only (and potassium fertilization in roots) exerted a significant effect on the content of this N fraction, exhibiting four-fold lower levels in Dactylis glomerata roots than in sward. Application of 80 kg N ha -1 swath -1 did not made the content of this N fraction exceed the critical threshold (15 g NO 3 kg -1 d.w.), whereas after an application of 120 and 160 kg N ha -1 swath -1 (in total, 600 and 1120 kg N ha -1 year -1 ) the level of 15 g NO 3 kg -1 d.w. was exceeded by 19 and 47% of samples, respectively (PrinS 1983) . Accumulation of nitrates in plants was associated not only with the nitrogen content in soil, but also with meteorological factors or with molybdenum, manganese, phosphorus, potassium, and magnesium fertilization (koter 1968 , czuBa 1996 , Bednarek, reSzka 2009 ). Phosphorus fertilization also enhanced the uptake of nitrate N from the environment, whereas elevated potassium fertilization lowered the percentage of nitrates(V) and decreased their share in the total nitrogen absorbed by plants (koter 1968 (koter ). czuBa (1996 found that plants could contain up to 15 g N-NO 3 kg -1 d.w., and a plant variety is to some extent important in nitrate accumulation. After application of 100 kg N ha -1 , different varieties of Dactylis glomerata contained from 0.68 to 1.30, meadow fescue from 0.74 to 1.06, and winter ryegrass from 0.56 to 1.11 g N-NO 3 kg -1 d.w. In general, application of increasing doses of nitrogen fertilizers caused a very distinct and, in many cases, significant elevation of nitrate(V) levels in sward (koter 1968 , StuczyńSki et al. 1970 , 1971 , koter 1973 , StuczyńSka 1973 , koter, krauze 1978 , koter, krawczyk 1981 , czuBa 1996 , GąSior, kaniuczak 1996 , krzywy et al. 1996 , wiater 1996 .
The content of mineral nitrogen (the sum of ammonium nitrogen and nitrate nitrogen V) in timothy grass increased after nitrogen fertilization and reached 0. N 3 ) after nitrogen fertilization. Phosphorus fertilization also resulted in a slight decrease in the share of this N fraction: 55.1 (P 1 ), 54.2 (P 2 ), and 51.8% (P 3 ). Potassium fertilization had an irregular effect on the relative content of protein nitrogen: 54.6 (K 1 ), 52.9 (K 2 ), and 54.2% (K 3 ). Nitrogen and phosphorus fertilization induced an increase while potassium fertilization did not change significantly the content of mineral nitrogen in timothy grass: 3.9 (N 1 ), 3.7 (N 2 ), 4.5% (N 3 ); 3.3 (P 1 ), 4.6 (P 2 ), 4.0% (P 3 ); 4.1 (K 1 ), 3.9 (K 2 ), and 4.0% (K 3 ).
The percentage of ammonium nitrogen in total nitrogen was relatively even and did not depend on the form and dose of mineral fertilization. It reached 2.47-2.52% (nitrogen fertilization), 2.22-2.75% (phosphorus fertilization), and 2.40-2.56% (potassium fertilization). Nitrogen and, to a lesser extent, phosphorus fertilization substantially increased the proportion of nitrate nitrogen(V) in total nitrogen: 1.11 (N 1 ), 1.18 (N 2 ), 2.04% (N 3 ); 1.07 (P 1 ), 1.83 (P 2 ), and 1.55% (P 3 ). Potassium fertilization did not induce significant changes in the proportion of this nitrogen fraction in total nitrogen: 1.51 (K 1 ), 1.49 (K 2 ), and 1.51% (K 3 ). Regardless of forms and doses of mineral fertilizers applied in the experiment, the average share of nitrogen fractions (protein, mineral, ammonium, and nitrate) in total nitrogen content in timothy grass was 53.8% (protein nitrogen), 4.0% (mineral nitrogen), 2.5% (ammonium nitrogen) and 1.5% (nitrate nitrogenV). The percentage of nitrate nitrogen V in mineral nitrogen was 37.5%. The content of the nitrogen fractions analysed indicates that timothy grass is a valuable bulk feed. 
